Clinical, gross, and microscopic pathologic and immunohistochemical findings in pigs infected with porcine reproductive and respiratory syndrome virus (PRRSV) suggest that PRRSV may replicate in endothelial cells. Endothelial cell cultures from porcine aorta and pulmonary artery were tested for susceptibility to various strains of PRRSV. Cultures were identified as endothelium by light microscopy and immunohistochemical staining for P-selectin and von Willebrand factor. Five strains of PRRSV, i.e., the National Veterinary Services Laboratories, Ames, IA PRRSV strain 130-PDV and 4 field strains isolated from pneumonic lungs, failed to replicate in these porcine large-vessel endothelial cell cultures.
ml, and 0.25 g amphotericin B a /ml. The resulting cells and media were centrifuged at 500 ϫ g for 5 minutes at room temperature. The supernatant was removed and the pelleted cells resuspended in porcine endothelial growth media (MEM, 10% fetal calf serum, b 2 mM L-glutamine, a 20 g/ ml endothelial growth factor from bovine pituitary, a 100 U penicillin/ml, 100 g streptomycin/ml, 0.25 g amphotericin B/ml, and 1/10 vial of insulin-transferrin-sodium selenite a ). The cells/media were plated in 25-cm 2 flasks that were coated with 15 g/ml fibronectin. a Monolayers were split 1:3 every 5-7 days using 0.5 g trypsin/0.2 g EDTA a for dissociation. Aliquots of cells from the primary and first passage were resuspended in serum-free cell freezing media with dimethylsulfoxide a and frozen in liquid nitrogen. For all experiments, both aortic and pulmonary artery cultures were propagated in MEM with 10% fetal calf serum, 2 mM Lglutamine, 100 U penicillin/ml, 100 g streptomycin/ml, and 0.25 g amphotericin B/ml.
Cultures were verified as endothelium by morphology and immunostaining for von Willebrand factor 13 and P-selectin. 5 For immunostaining, cells were grown to confluence in 4well chamber slides, fixed with 3.7% buffered formalin with 0.2% Triton X, a blocked with 2% dried milk in PBS, and incubated for 1 hour at room temperature with one of the following: rabbit anti-von Willebrand factor c at 1:50, rabbit anti-P-selectin d at 1:100, rabbit anti-neuron-specific enolase e as commercially supplied, or a commercially available negative control for rabbit antibodies. e The slides were then incubated with biotinylated goat anti-rabbit immunoglobulin, e alkaline phosphatase conjugated streptavidin label, e and fast red e and counterstained with Gill hematoxylin.
The strains of PRRSV used in this study were the National Veterinary Services Laboratories PRRS virus strain 130-PDV f and 4 field strains isolated from pneumonic lung of pigs submitted to the Athens Veterinary Diagnostic Laboratory. Stocks of these virus strains were prepared by inoculating 25 cm 2 flasks of newly confluent monolayers of MARC-145 cells. f Inoculated cells were incubated at 37 C and 4% CO 2 and observed daily for cytopathic effects (CPE). When CPE was approximately 50%, the flasks of infected cells were frozen at Ϫ70 C. Following 2 cycles of freeze/thaw, the cell suspensions were poured into conical centrifuge tubes and centrifuged at 1,500 ϫ g for about 10 minutes. The clarified supernatant was aliquoted in 1 ml vials and stored at Ϫ70 C. Viral titers were determined by endpoint titration (12 wells/10-fold dilution) in 96-well microtiter plates using freshly trypsinized MARC 145 cells. Microtiter plates were incubated at 37 C and 4% CO 2 and observed daily for CPE.
Multiple experiments were done varying the age of the monolayer inoculated, dose of the inoculum, and time at which the experiment was terminated. Three different porcine aortic endothelium primary cell cultures and the porcine pulmonary artery endothelium primary cell culture were grown to confluence in either 24-well plates or 25 cm 2 flasks. Twenty-four-to 72-hour-old monolayers were then infected with various doses (ranging from 10 3 TCID 50 to 10 5 TCID 50 ) of either the NVSL PRRSV reference strain or one of the field isolates. Cultures were incubated in 5% CO 2 at 37 C and examined for CPE daily. As a positive control in each experiment, monolayers of MARC-145 cells of similar age were inoculated with a similar dose of each virus. In some experiments, after 4 days of incubation, either media or freeze/thawed cell suspensions from PRRSV inoculated endothelial cell cultures were blindly passed into porcine endothelial and MARC-145 cell cultures. All cultures were examined for CPE for 4-7 days and then tested for the presence of virus antigen.
A direct fluorescent antibody assay (FA) and immunohistochemical staining (IHC) for PRRSV antigen were used to establish whether the cell cultures became infected with PRRSV. Cytocentrifuge preparations of scraped monolayers were made from 25 cm 2 flasks and fixed in cold acetone for 10 minutes for FA and IHC. Experiments in 24-well plates were done in duplicate, 1 well of each treatment was scraped and cytocentrifuge preparations made and fixed as above for FA and IHC. The monolayer in the duplicate well was fixed in situ with cold acetone for 10 minutes for IHC. For FA, cytocentrifuge preparations were flooded with a 1:100 dilution of the FITC conjugated mouse monoclonal anti-PRRSV antibody SDOW 17 g for 35 minutes at 37 C. The slides were rinsed and viewed immediately. For IHC, fixed cells, either cytocentrifuge preparations or cells fixed in situ in 24-well plates, were rehydrated in PBS, blocked with 2% dry milk in PBS, and incubated with anti-PRRS mouse ascitic fluid f at 1:1,000 for 1 hour at room temperature. The slides were washed and incubated with biotinylated goat anti-mouse im-munoglobulin e and alkaline phosphatase-conjugated streptavidin label. e Fast red e was added as the chromagen. Slides were counterstained with Gill hematoxylin. For both techniques, PRRSV-infected and uninfected MARC-145 cells were used for positive and negative controls, respectively.
Porcine aortic and pulmonary artery endothelial monolayers had a cobblestone appearance typical of endothelium ( Fig. 1 ). The cells stained positive for von Willebrand factor and P-selectin antigen (Figs. 2, 3) but not for neuron-specific enolase antigen (used as a negative control). P selectin and von Willebrand factor were visualized as finely granular, diffuse cytoplasmic staining. Expression of these proteins was enhanced when treated with 100 ng/ml recombinant mouse TNF-alpha a for 24 hours prior to fixation (data not presented).
There was never CPE in the porcine aortic or pulmonary artery cell cultures that were inoculated with PRRSV. In contrast, and in all experiments, regardless of virus dose or monolayer age, MARC-145 cells showed CPE within 2-3 days of virus inoculation. Virus-inoculated endothelial cultures never stained positive for PRRSV antigen by FA or IHC, whereas all MARC-145 cell cultures inoculated with virus were positive for PRRSV antigen by both FA and IHC ( Fig. 4) . Likewise, no CPE was observed in endothelial cell or MARC-145 cell cultures following passage of the PRRSV-inoculated endothelial cell cultures, and these cultures were negative for PRRSV antigen by both FA and IHC.
The cells used in this study were confirmed to be endothelium by microscopic appearance and positive staining for von Willebrand factor and P selectin, proteins that are synthesized and stored by endothelial cells and megakaryocytes (and thus are found in platelets) but not other cell types. 5, 11, 14 The rabbit polyclonal anti-P selectin antibody used in this study also works well on formalin-fixed, paraffin-embedded tissues from pig and a variety of other species, including white-tailed deer, dog, cat, cow, and sheep (data not presented).
We were unable to detect productive infection of porcine aortic or pulmonary artery endothelium with either the reference strain or low-passage strains of field isolates of PRRSV using immunologic methods for the detection of viral antigen. The RT-PCR or in situ hybridization, although not done in this study, might have detected small amounts of viral RNA in these PRRSV-inoculated endothelial cultures. However, it would have been difficult to interpret positive RT-PCR results because viral nucleic acid from the original inoculum could have served as template in the RT-PCR, and neither method would have ascertained that replication and productive infection had occurred in these cultures. Porcine endothelial cell cultures, at least those derived from large vessels, do not appear to be a viable tool for the isolation of PRRSV from field cases. It could be that endothelium derived from umbilical vessels or from the microvasculature would be permissive to infection. However, cultures derived from these sources were difficult to propagate in sufficient quantities to study virus-endothelial cell interactions (data not presented). These cultures were also more difficult to obtain and maintain and probably would not be a good choice for routine diagnostic work. The PRRS viruses used in this study were all derived from lung tissue of pigs with pneumonia, and it is possible that isolates from abortion cases might behave differently. Unfortunately, no abortive strains became available during this study and en-dothelial cell tropism needs to be further investigated with some of these strains.
Although PRRSV antigen has been detected in endothelial cells in vivo and other findings associated with PRRSV infection suggest an endothelial tropism, 1-3,7-10,12 we were unable to confirm endothelial cell tropism in vitro. However, this question needs to be addressed further using fetal and microvasculature-derived endothelium and abortive strains of PRRSV. The pathogenesis of the seemingly vascular associated lesions seen in PRRS may not be related to virus replication in the endothelium, and other mechanisms of vascular damage and hemorrhage need to be investigated. Within the European Endangered Species Program (EEP) and North American Species Survival Program (SSP) for cheetahs (Acinonyx jubatus), a sharp increase in cases of neurological disease has been noted in past years. 7, 14 In Europe, the predominant central nervous system disease of cheetahs is clinically characterized by an acute onset of hind limb ataxia-paresis in cubs. Diffuse severe demyelination predominantly of the dorsal spinocerebellar and the sulcomarginal tracts causes the clinical disease. Presently, no therapy is available. Euthanasia of cheetah cubs in response to hind limb paresis is the most important limiting factor in the EEP cheetah population growth and the major veterinary concern of the cheetah EEP and European Feline Taxon Advisory Group (TAG).
One factor that hindered the characterization and histopathologic diagnosis of this disease entity was the difficulty in obtaining adequate spinal cord samples. While compliance within the breeding program of performing a standard necropsy and collecting organ samples has greatly increased in the past years, compliance and knowledge concerning necropsy of the nervous system has been deficient. Removal of the spinal cord may be time consuming and difficult. In most zoological institutions and in the field, where many necropsies are performed, suitable electric saws are mostly unavailable. A delay in the necropsy procedure caused by a transfer to a university institute may result in significant tissue autolysis, especially in the central nervous system. 1 In the medical literature, several methods for removing the spinal cord are described. One of the first guidelines for necropsy procedures was published in 1875. In order to access the spinal cord, the removal of the paravertebral muscles and adjacent connective tissue, with subsequent removal of the vertebral processes and arcus, with a bone saw or chisel was suggested. 13 In veterinary pathology, similar methods are described. The various methods do not significantly differ. In 1911, the removal of the vertebral arch in toto from each vertebral body using a chisel was suggested. 12 Twenty-five years later, a dorsal and lateral approach to open the spinal canal with a chisel and saw was advocated. 3 Nearly 100 years later, the removal of the spinal cord is still by and large based on similar laminectomy techniques. In medical literature, a slightly simplified method describes the use of a circular saw at various angles along the spinal cord to remove the vertebral bodies from ventral. 5 The American
